The effect of angiotensin II (Ang II) on Ca 2+ signalling in human primary cultured breast epithelial cells was investigated by using fura-2 as the Ca 2+ probe. ] i increase evoked by Ang II, while CGP4221A, an inhibitor of Ang II type II receptor (AT2) did not. AT1 desensitisation was demonstrated with respect to the Ca 2+ response after subsequent exposure of cells to Ang II and also after pretreatment for 25 min with 1000 nM phorbol 12-myristate 13-acetate. Staurosporine, an inhibitor of protein kinases C (PKC), inhibited the AT1 desensitisation.
Introduction
Angiotensin II (Ang II) has a wide spectrum of human and animal target tissues, the human breast epithelial cells included (Vinson et al. 1995 , Inwang et al. 1997 , Tahmasebi et al. 1998 . In most tissues, the effects ascribed to Ang II are mediated via two different subtypes of its receptor, the AT1 and the AT2. Several lines of evidence suggest that the major physiological functions of AT1 are expressed through Gq-induced activation of phospholipase C (PLC) followed by Ca 2+ signalling. Moreover, an increase in the intracellular Ca 2+ ([Ca 2+ ] i ) activates numerous intracellular proteins, several of which belong to the family of Ca 2+ -and phospholipid-dependent protein kinases (PKC) (Liu & Heckman 1998) .
In several tissue types Ang II has a growth factor-like effect linked to the phosphoinositide/Ca 2+ signalling system (Lundergan et al. 1999 , Bataller et al. 2000 , Kuwahara et al. 2000 , Hou et al. 2000 , Shen et al. 2001 and to the increased expression of several early response genes including c-fos, c-jun, and c-myc (Griendling et al. 1997) .
Since the transduction pathways of Ang II in human breast epithelial cells have not yet been studied, the aim of this work was to test the possible involvement of the [Ca 2+ ] i transient peak in the AT1 signalling pathways in human primary cultured epithelial breast cells. We also investigated the translocation to the membrane of some of the PKC isozymes after Ang II treatment and the effects of the Ang II signalling system on cellular proliferation.
Materials and Methods

Materials
RPMI 1640 medium, antibiotics, glutamine and foetal bovine serum (FBS) were purchased from Euroclone (Paignton, Devon, UK). Fura 2-AM, thapsigargin (TG) and Pluronic F-127 were purchased from Molecular Probes (Leiden, The Netherlands); losartan (DuP 753) from Du Pont Merck (Wilmington, DE, USA). SV Total RNA Isolation System, Moloney murine leukaemia virus (M-MLV) RT and Taq polymerase were purchased from Promega (Madison, WI, USA); AT1 primers were purchased from Celbio (Pero, Milano, Italy). Mouse monoclonal antibody for cytocheratin 19 was purchased from Chemicon International (Temecula, CA, USA) and all other reagents were from Sigma (Milano, Italy). PKC antibodies were purchased form Santa Cruz Biotechnology (Santa Cruz, CA, USA) and Gö 6976 was obtained from Calbiochem (La Jolla, CA, USA).
Primary cell culture of breast tissues
Four breast tissues were obtained from reductive mammoplasty and portions of tissue were placed into transport medium and disaggregated immediately or after storage at 4 C for less than 6 h. Transport medium contained RPMI 1640 medium, 0·05 mg/ml nystatin, 0·0025 mg/ ml amphotericin B, 100 U/ml penicillin, 0·1 mg/ml streptomycin, 2 mM glutamine, 10% FBS and 0·010 mg/ ml insulin.
Adipose material was removed and the tissue minced using a BP 10 blade scalpel in PBS pH 7·4 under sterile conditions and digested in transport medium containing 1 mg/ml collagenase type I and 100 U/ml hyaluronidase overnight at 37 C on a rotary platform (200 r.p.m.). When digestion was completed, tissue suspension was centrifuged at 100 g for 5 min and the pellets were resuspended in sterile PBS pH 7·4 and pushed through three stainless steel screens (100, 60, and 50 µm mesh size respectively). The dispersed cell suspensions were centrifuged at 100 g for 5 min and the pellets were resuspended in 20% FBS growth medium (RPMI 1640 medium, 100 U/ml penicillin, 0·1 mg/ml streptomycin, 2 mM glutamine, 0·005 mg/ml insulin, 5 ng/ml epidermal growth factor, 0·5 µg/ml hydrocortisone, 5 µg/ml transferrin, 0·1 µM isoproterenol, 0·01 µM ethanolamine, 0·01 µM o-phosphoethanolamine) and seeded into culture flasks.
After the first passage, cell cultures were maintained at 37 C in a humidified environment containing 5% CO 2 for up to 7 passages in 10% FBS growth medium to avoid fibroblast contamination. The cultured cells exhibited the characteristic features of epithelial cells: a positive immunocytochemical staining for cytocheratin 19 (data not shown) and expression of oestrogen and progesterone receptors (ER and PgR respectively) ( Table 1) .
Enzyme immunoassay (EIA) of ER and PgR
ER-EIA and PgR-EIA (Abbott, Chicago, IL, USA) were carried out in accordance with the manufacturer's instructions.
Measurement of [Ca 2+ ] i
Growth medium was changed to fresh FBS-free culture medium for 18 h and then the cells were harvested by gentle trypsinisation. Cells were loaded with 5 µM Fura 2-AM for 45 min at 37 C in HEPES-buffered KrebsRinger solution (KRH: 140 mM NaCl, 5·0 mM KCl, 1·0 mM MgCl 2 , 2·0 mM CaCl 2 , 6·0 mM glucose and 10 mM HEPES, pH 7·4) containing 0·2% Pluronic F-127 and 0·1% BSA. Loaded cells were washed and resuspended in KRH to a density of 7 10 6 cells/ml and incubated for 20 min at room temperature to ensure complete de-esterification of the dye.
In a cuvette with a magnetic stirrer, 10 µl of loaded cells were incubated in KRH solution containing 0·1% BSA for fluorescence measurements using the spectrofluorometer JASCO FP 750 (JASCO Corporation, Tokyo, Japan). Excitation monochromators were set at 340 and 380 nm, ] i was calculated in accordance with the equation of Grynkiewicz et al. (1985) , using the software Spectra Manager provided by JASCO.
RT-PCR
Total RNA was extracted from cultured normal and cancerous epithelial breast cells obtained from three patients using the SV Total RNA Isolation System according to the manufacturer's instructions. For RT-PCR 1 µg total RNA was reverse transcribed in (mM): Tris/HCl (pH 8·3) 50, KCl 75, MgCl 2 3, dithiothreitol (DTT) 10, dNTP 0·5; oligo(dT)15 primer 0·5 µg and 15 U M-MLV RT.
PCR was performed in (mM): Tris/HCl (pH 8·8) 50, KCl 50, MgCl 2 1·5, DTT 2, 0·1% Triton X-100, dNTP 0·2, 0·7 µM specific primers and 2·5 U Taq polymerase. The amplification profile consisted of denaturation at 95 C for 30 s, annealing at 54 C for 60 s and extension at 72 C for 90 s for 30 cycles. AT1 sense and anti-sense primers were as follows: 5 -GGAAACAGCTTGGT GGTG-3 and 5 -GCACAATCGCCATAATTATCC -3 which correspond to sense and anti-sense, respectively, of bases 133-150 and 719-739 in the human AT1 sequence. Reaction products were resolved by electrophoresis through 1% agarose gels and stained with ethidium bromide. Contamination by genomic DNA in sample RNA was excluded by amplifying the sample RNA directly by PCR without reverse transcriptase. The RT samples were also used to generate -actin PCR products and their amount was considered as internal controls.
Subcellular fractionation
Cells in flasks were incubated with 100 and 1000 nM Ang II and with 1000 nM phorbol 12-myristate 13-acetate (PMA) in RPMI medium without FBS for 5, 10, 25 and 60 min at 37 C; cells incubated with medium only were used as controls. The stimulation was stopped by transferring the flasks on ice. The cells were extracted with lysis buffer: 50 mM Tris/HCl, pH 7·5, 5 mM EDTA, 2 mM EGTA, 1 mM phenylmethylsulphonyl fluoride (PMSF), 1 mM DTT, 0·25 M sucrose, 10 µg/ml aprotinin, and 10 µg/ml leupeptin and sonicated on ice (3 10 s cycles). The mixture was centrifuged for 10 min at 800 g and the supernatant was saved and centrifuged at 100 000 g for 1 h; the supernatant was taken as the cytosol fraction. The pellet was resuspended in lysis buffer plus 1% Triton X-100 and centrifuged as before; the supernatant was collected as the membrane fraction. An aliquot of cellular lysate of the control was used to quantify the total expression of PKC isozymes. Protein concentration was measured by the Lowry protein assay.
Immunoblotting
An equal amount of protein was solubilized in sample buffer by boiling for 5 min and subjected to 10% sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) followed by electrotransfer onto a PVDF membrane (Amersham Pharmacia Biotech, Amersham, Bucks, UK). We used the monoclonal antibodies against PKC-, -1, -and -isozymes and the dilutions of the antibodies were 1:5000 for PKC-, and 1:2000 for the others. The filter was incubated with the appropriate primary antibody and then with peroxidase-conjugated secondary antibodies. Proteins were detected using enhanced chemiluminescence (ECL, Amersham Pharmacia Biotech), and semi-quantitative analysis of PKC isozyme bands was performed by scanning densitometry using the NIH Image 1·62 software.
Proliferation assay
Mammary cells were seeded at a density of 1·5 10 3 cells/well in 96-well plates in RPMI growth medium with 10% FBS and incubated overnight at 37 C in a humidified environment containing 5% CO 2 to allow the adherence. The medium was changed to FBS-free growth medium for 12-18 h to induce quiescence. Ang II solution was diluted in FBS-free growth medium. Increasing concentrations of Ang II (from 0·1 to 10 000 nM) or losartan (from 0·1 to 10 000 nM) were added to each well, except for one strip, used as control, and plates were incubated for 24 h.
Cell proliferation was assessed using the spectrophotometric MTT assay (Mosmann 1983) . The MTT solution (5 mg/ml) was added to each well and incubated for 4 h at 37 C. The medium was aspirated and the purple crystals of formazan formed were dissolved by the addition of isopropanol/HCl 0·04 M. Absorbances were measured on a spectrophotometer at 570 nm against blank (cells without MTT solution). The absorbances of the cells treated with Ang II and losartan were transformed to percentage with respect to the relative controls.
Statistics
Data are expressed as the means S.D. Differences between multiple groups were tested using analysis of the variance (ANOVA factorial) and checked for significance using the Fisher's protected least significant difference (PLSD) test.
Results
Ang II-induced [Ca 2+ ] i increase in breast cells in primary culture
By RT-PCR analysis we found that freshly seeded human breast epithelial cells expressed the AT1 receptor mRNA, and such mRNA was still retained at passage 4 without significant variations (Fig. 1) .
Ang II induces an [Ca 2+ ] i spike response in a dosedependent manner (ANOVA factorial: P<0·0001), showing after 2-5 s the maximal increase at 100 nM Ang II (200 20 nM; basal=93 11 nM) and a subsequent decay to resting levels after 63 2 s (Fig. 2) .
We used, for both fluorimetric and Western blotting experiments, cultured breast epithelial cells at passages 2 and 3 as we found that the Ang II-induced [Ca 2+ ] i increase, and ER and PgR concentrations, specific markers of the epithelial source of the breast cells, do not change significantly until the fourth culture passages (Table 1) .
In order to determine the participation of plasma membrane Ca 2+ channels in the effects of Ang II, cells were challenged with 100 nM Ang II both in Ca 2+ -free KRH medium, with 2 mM MgCl 2 instead of 2 mM CaCl 2 , and in the presence of nifedipine, an L-type membrane channel blocker. Neither Ca 2+ removal nor ] i increase, we incubated the cells for 5 min, before Ang II treatment, with increasing concentrations of losartan and CGP42113A (0·1, 10 and 1000 nM), specific inhibitors of AT1 and AT2 respectively. Only losartan reduces the Ang II-evoked [Ca 2+ ] i in a dose-dependent manner (ANOVA factorial: P<0·0001) (Fig. 3) , indicating that the Ang II-evoked Ca 2+ signalling is induced by AT1.
10-min pretreatment with 1 µM nifedipine attenuates
The AT1 inhibitor, losartan, is still able to decrease the Ang II-induced [Ca 2+ ] i transient peak until the fourth passage (data not shown).
Desensitisation of AT1
Following initial exposure to 100 nM Ang II, the phase of Ca 2+ response was allowed to proceed for 4 min and reach resting level, then a second maximal dose of Ang II (1000 nM) was added. As can be seen in Fig. 4A no further peaks of Ca 2+ mobilisation are observed in response to Ang II. However, subsequent addition of 0·5% FBS provokes an [Ca 2+ ] i increase, indicating that intracellular Ca 2+ stores are not discharged (Fig. 4A) .
To investigate the function of phosphorylation in the modulation of the properties of AT1, we studied the role of PKC in the desensitisation of AT1 by using PMA. Human breast cells were pre-incubated for 5, 25, and ] i induced by Ang II (ANOVA factorial: P<0·001). However, whereas pre-incubation for 25 min provoked a fourfold decrement in the Ang II-evoked [Ca 2+ ] i response, PMA was less effective after 60 min pre-incubation (Fig. 4B) .
To provide further evidence for a role of PKC in the desensitisation of AT1, breast cells were pre-incubated for 15 min with 1000 nM staurosporine, an inhibitor of PKCs, before treatment with Ang II. Staurosporine does not change the resting level of [Ca 2+ ] i (data not shown) neither does it change the elevation of [Ca 2+ ] i induced by the first stimulation with 100 nM Ang II. However, a second maximal dose of Ang II (1000 nM) provokes a further [Ca 2+ ] i increase (Fig. 4C) , suggesting that desensitisation is mediated by activation of PKCs.
Phospholipid hydrolysis is involved in Ang II-induced [Ca 2+ ] i increase
We pretreated cells for 5 min with increasing concentrations of U73122 (1, 10, 100, 1000 and 5000 nM), a PLC inhibitor, before adding 100 nM Ang II. The PLC inhibitor decreases [Ca 2+ ] i in a dose-dependent manner (ANOVA factorial: P<0·001), demonstrating the involvement of PLC in calcium signalling pathways (Fig. 5) .
Expression of PKC isozymes and their differential activation
Human cultured epithelial breast cells at passages 2 and 3 express PKC-, -1, -and -isozymes in cellular lysates (Fig. 6) . The expression of PKC-1 was the highest while the expression of PKC-was the lowest.
In control cells (cells treated with medium only), all the PKC isozymes were found mainly in the cytosol; only small quantities were found to be associated with the membrane fraction. The isozymes -, -1 and -translocate to membrane from cytosol after Ang II or PMA treatment, while the PKC-does not (Figs 7 and 8) . In all cases the highest translocation is observed for 25-min treatment (Fig. 7) .
Proliferative response of cultured epithelial breast cells to Ang II
Incubation for 24 h with Ang II stimulates cultured human breast epithelial cell proliferation in a dosedependent manner (Fig. 9A) showing maximal response at 1000 nM Ang II (Fig. 9A) . Pre-incubation with 1000 nM losartan inhibits the stimulating effects of 1000 nM Ang II (Fig. 9B) . Incubation with losartan alone does not achieve any effect (data not shown).
Gö 6976, a specific inhibitor of the Ca
2+
-dependent isozymes PKC-and -1, was used in order to assess whether PKC activation was involved in the proliferative effect of Ang II. Incubation of cells (24 h) with increasing concentrations (1-100 000 nM) of Gö 6976 has no effect on cell growth (data not shown). Co-incubation of cells (24 h) with a fixed dose of Ang II (1000 nM) and increasing concentrations (1-100 000 nM) of Gö 6976 produces a significant and dose-dependent inhibition of the growth-stimulating effects of Ang II (ANOVA factorial: P<0·0001) (Fig. 9C) .
Discussion
While it is clear that human epithelial breast cells express AT1 (Inwang et al. 1997 , Tahmasebi et al. 1998 ) and that Ang II evokes in many cell types an [Ca 2+ ] i increment via AT1 (Zhang et al. 1994) , no clear evidence of its signalling pathways in breast have been obtained to date. We show here for the first time that Ang II in cultured epithelial breast cells increases the [Ca 2+ ] i in a similar manner to other cell types (Diaz-Torga et al. 1998 , Garcia-Sainz et al. 1998 , Iversen & Arendshorst 1998 , Shao et al. 1998 , Gonzalez-Iglesias et al. 1999 . In several cell types, the initial [Ca 2+ ] i elevation induced by Ang II is independent of extracellular Ca 2+ influx and reflects the depletion of the intracellular stores induced by 1,4,5-inositol trisphosphate (IP 3 ), whereas the plateau phase, if present, involves extracellular Ca 2+ influx through membrane channels (Kuwahara et al. 2000) . Since Ca 2+ removal and nifedipine treatment did not change the Ang II-induced [Ca 2+ ] i increase in cultured breast epithelial cells, we suggest that extracellular Ca 2+ entry is not involved; a similar cell response was also described in brain endothelial cells and in glomerular podocytes (Stanimirovic et al. 1996 , Nitschke et al. 2000 .
Here, we investigated the effects of AT1 and AT2 inhibitors on the Ang II-evoked [Ca 2+ ] i transient peaks. The finding that losartan, and not CGP42113A, was able to decrease the Ang II-induced [Ca 2+ ] i transient peak indicates that AT1 is responsible for the Ca 2+ -signalling effects of Ang II in cultured breast epithelial cells. There is evidence that AT1 mRNA and protein expression may change in culture after passages (Ko et al. 1997) ; we found that the AT1 inhibitor, losartan, was still able to decrease the Ang II-induced [Ca 2+ ] i transient peak until the fourth passage indicating that a functional AT1 was still expressed; in addition, the AT1 mRNA expression did not change until the fourth passage. We show that repeated stimulation of cells with Ang II induced a desensitisation of AT1 after a few minutes of exposure to Ang II, in accordance with other studies (Barker et al. 1995 , Balmforth et al. 1997 , Feng et al. 1998 . First, the finding that the treatment for 25 min with PMA decreased Ang II-induced [Ca 2+ ] i suggests that the desensitisation process may involve phosphorylation of AT1 by activated PKCs; in fact, in support of this hypothesis we demonstrate that staurosporine, an inhibitor of PKCs, is able to inhibit the desensitisation of AT1. Identical findings have been obtained in cultured guinea pig myocytes where inhibition of PKC blocked the Ang II homologous desensitisation (Shimuta et al. 1990 ) and in vascular smooth muscle cells where PKC stimulation enhanced it (Brock et al. 1985) .
Since Ang II exerts its stimulatory effects through the PLC/Ca 2+ signalling pathway, the latter being involved in PKCs activation, we investigated the effects of Ang II on membrane translocation of PKCs. Among the eleven PKC isoforms expressed in mammalian cells we paid attention to four isozymes: the 'conventional' Ca 2+ -dependent, PKC-and -1 isozymes, the 'novel' Ca 2+ -independent, diacylglycerol (DAG)-dependent PKC-isozyme, and the 'atypical' Ca 2+ -DAG-independent PKC-isozyme. Following exposure of cells to Ang II, PKC-, -1 andtranslocated significantly from the cytosol to the membrane, and a 25-min long stimulation was required to achieve the maximal translocation. It therefore appears that the effect of Ang II on the translocation of PKCs from cytosol to membrane develops slowly compared with the rapid time course of Ca 2+ mobilisation. The reason for this remains unknown but a similar delay in PKC translocation has also been observed in rat pinealocytes challenged with noradrenaline (Ho et al. 1999 ) and in hippocampal neurones stimulated with glutamate (Buchner et al. 1999) . The phorbol ester, PMA, known to strongly activate conventional and atypical PKCs, was used to activate PKC isoforms and to compare it with the membrane translocation induced by Ang II. Similarly to Ang II, PMA also maximally stimulates translocation of PKC-, -1 andafter 25 min; a similar time-course was also shown in rat liver WB cells (Maloney et al. 1998) and in mammalian eggs (Raz et al. 1998) .
Data from the literature has shown only the PKC total activity expressed by breast cancer biopsies and by surrounding normal tissue (Bignon et al. 1990) , and the expression of PKC-, -1, -, -, -ε and -in MCF-7 breast carcinoma cell line (Ways et al. 1995 , Shanmugam et al. 1999 . To our knowledge, the present study provides the first indication of the presence of PKC isozymes, and that Ang II activates some of them in human cultured breast epithelial cells. Ang II causes hypertrophy and hyperplasia via AT1 (Tian et al. 1995) and increases the expression of immediate early genes such as c-fos, c-jun and c-myc (Griendling et al. 1997) . These effects have been well documented in adrenal glomerulosa cells (Hauger et al. 1978) , in renal mesangial cells and vascular smooth muscle cells (Huckle & Earp 1994) . Consistently, in the present study, Ang II stimulated proliferation of breast epithelial cells through AT1. Moreover, PKC activation has been shown to regulate cell cycle progression in MCF-7 cells (Lafon et al. 1995) and in other cell lines (Piacentini et al. 2000 , Zhao et al. 2000 . The sensitivity of the Ang II-induced proliferative responses in breast cells to Gö 6976 is consistent with these effects being induced through the activation of PKC-/ 1.
It is concluded that in human breast epithelial cells, Ang II elicits Ca 2+ responses. Through the activation of AT1, Ang II elevates [Ca 2+ ] i and translocates PKCs, which in turn activate cell proliferation. Although the mechanism by which Ang II affects cell proliferation remains not fully understood, our findings obtained in cultured cells strongly suggest the peripheral actions of Ang II in mitogenic processes in human breast.
